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ContentsContents

Part 1Part 1

A general discussion of regulatory, study design, A general discussion of regulatory, study design, 
scientific, and statistical issues associated with the use scientific, and statistical issues associated with the use 
of nonof non--inferiority studies when these are used to inferiority studies when these are used to 
establish the effectiveness of a new drug. establish the effectiveness of a new drug. 

Part 2 Part 2 

Focuses on the quantitative analytical and statistical Focuses on the quantitative analytical and statistical 
approaches used to determine the nonapproaches used to determine the non--inferiority inferiority 
margin for use in NI studies, as well as the advantages margin for use in NI studies, as well as the advantages 
and disadvantages of available analysis methods. and disadvantages of available analysis methods. 



NI Guidance ContentsNI Guidance Contents

Part 3Part 3

Addresses some questions about NI studies Addresses some questions about NI studies 
and provides practical advice to relevant and provides practical advice to relevant 
regulatory issues (Q & A) regulatory issues (Q & A) 

Part 4Part 4

Includes four examples of successful and Includes four examples of successful and 
unsuccessful efforts to define nonunsuccessful efforts to define non--inferiority inferiority 
margins and to conduct NI studies. margins and to conduct NI studies. -- that is, that is, 
when a NI study will not provide the when a NI study will not provide the 
evidence neededevidence needed



Part 2 Part 2 --
 
Key FeaturesKey Features

Statistical approach to estimation and Statistical approach to estimation and 
selection of the margin M and to the selection of the margin M and to the 
statistical analysis of the NI study resultsstatistical analysis of the NI study results

NI study provides two comparisonsNI study provides two comparisons

Direct comparison of test and active Direct comparison of test and active 
comparator comparator 

Indirect comparison of the test with Indirect comparison of the test with 
(unobserved) placebo(unobserved) placebo



Choosing a metric for treatment Choosing a metric for treatment 
effect and margin selectioneffect and margin selection

Absolute difference in cure ratesAbsolute difference in cure rates

Relative measures: relative risk, risk Relative measures: relative risk, risk 
ratio,hazardratio,hazard ratio, odds ratioratio, odds ratio

Log of relative or ratio measuresLog of relative or ratio measures

Understanding how the magnitude of the Understanding how the magnitude of the 
margin relates to the clinical benefitmargin relates to the clinical benefit



Metrics of treatment effect and Metrics of treatment effect and 
comparisoncomparison

Log (Hazard ratio) or Log (Hazard ratio) or Log(relativeLog(relative risk) is risk) is 
preferredpreferred

Symmetry of marginSymmetry of margin

Log (A/B) = Log (A/B) = -- Log(BLog(B/A)/A)

Statistical propertiesStatistical properties

Ease of understandingEase of understanding



Sources of uncertainty Sources of uncertainty 

In the quantification of the treatment effect of In the quantification of the treatment effect of 
the active controlthe active control

In the NI study , itself and its analysisIn the NI study , itself and its analysis



Three main sources of uncertainty Three main sources of uncertainty 
in the conclusions from a NI studyin the conclusions from a NI study

1)1)

 

Precision of the active control effect size and its heterogeneitPrecision of the active control effect size and its heterogeneity , if anyy , if any

Point estimates not acceptable, confidence interval Point estimates not acceptable, confidence interval 
neededneeded

Estimate of study to study variability, lack of consistent Estimate of study to study variability, lack of consistent 
effect sizeeffect size

Choice of confidence limits (95%, 90%, 85%)Choice of confidence limits (95%, 90%, 85%)

2)2)

 

Constancy assumption: the need to assume that the effect size frConstancy assumption: the need to assume that the effect size from om 
the historical active control studies will not change in the NI the historical active control studies will not change in the NI studystudy

3)3)

 

Risk of making a wrong decision from the test of hypothesis in tRisk of making a wrong decision from the test of hypothesis in the he 
NI study NI study --

 

The type 1 error The type 1 error --

 

always controlled at 0.025 one sidedalways controlled at 0.025 one sided



Quantification of treatment Quantification of treatment 
effect of the active comparatoreffect of the active comparator

From a single study : 99% confidence interval ?From a single study : 99% confidence interval ?

From multiple studies: use a random effects From multiple studies: use a random effects 
models for effect size and confidence intervalmodels for effect size and confidence interval

Excessive heterogeneity, especially consistent Excessive heterogeneity, especially consistent 
with no effect of active control is an issuewith no effect of active control is an issue

When possible, identify the underpowered When possible, identify the underpowered 
studies from studies truly with no effectstudies from studies truly with no effect

Use all studies Use all studies -- drop none, except with good drop none, except with good 
reasonreason



Discussion of the fixed margin Discussion of the fixed margin 
and the synthesis methodand the synthesis method

Fixed margin approach also called the two Fixed margin approach also called the two 
confidence interval approachconfidence interval approach

Synthesis approach combines data and its Synthesis approach combines data and its 
variability (from historical placebo variability (from historical placebo 
controlled studies) to infer a ( non controlled studies) to infer a ( non 
randomized) comparison with the randomized) comparison with the 
unobserved placebo  under the constancy unobserved placebo  under the constancy 
assumptionassumption



Figure 3.   Active Control Figure 3.   Active Control ––

 

Test Drug differencesTest Drug differences

 Point estimate, 95% CIPoint estimate, 95% CI

Control –

 

Test (C-T)
(degree of inferiority of test drug)



InterpretationInterpretation



Fixed margin and Synthesis ApproachFixed margin and Synthesis Approach

A discussion of what each isA discussion of what each is

A discussion of pros and consA discussion of pros and cons

Illustration of the approaches on the same Illustration of the approaches on the same 
data setdata set

A recommendationA recommendation



Which method to use ? Which method to use ? 

Advice is to use fixed margin for ruling out MAdvice is to use fixed margin for ruling out M1 . 1 . 
Why ? This is the efficacy claim Why ? This is the efficacy claim -- forces the forces the 
specific estimate of the active control effect size specific estimate of the active control effect size --
conservative approach is intendedconservative approach is intended

May use the synthesis method for May use the synthesis method for MM2 2 
demonstration . Why ? Assumptions and demonstration . Why ? Assumptions and 
judgment more relevant and flexiblejudgment more relevant and flexible

May be some unusual pathological examplesMay be some unusual pathological examples



Explaining the synthesis Explaining the synthesis 
method to laymenmethod to laymen

Where the apparent efficiency comes fromWhere the apparent efficiency comes from

Explaining that the type 1 error control is not the Explaining that the type 1 error control is not the 
same so the methods are not directly comparablesame so the methods are not directly comparable

Asking the question of whether the test drug Asking the question of whether the test drug 
would have been superior to placebo when it is would have been superior to placebo when it is 
not part of the randomized comparison in the NI not part of the randomized comparison in the NI 
study introduces potential confusionstudy introduces potential confusion

Percent preservation of the active comparator Percent preservation of the active comparator 
effect (without explicit Meffect (without explicit M1 1 ))



The Concept of The Concept of ‘‘DiscountingDiscounting’’
 
MM11

To adjust estimate of M for uncertainties To adjust estimate of M for uncertainties 
in data and conditions of NI studyin data and conditions of NI study

Not always done, and not always very Not always done, and not always very 
conservative conservative -- should be reasonableshould be reasonable



Concept of Discounting the margin size Concept of Discounting the margin size 
for lack of constancy and other issuesfor lack of constancy and other issues

Generally , only MGenerally , only M1 1 is discounted and before is discounted and before MM2 2 settledsettled

MM2 2 , since it is a function (percent) of , since it is a function (percent) of MM1 1 , is not discounted, is not discounted

Caveat: after the NI study is completed and if the conduct of Caveat: after the NI study is completed and if the conduct of 
the study was such to make the constancy assumption the study was such to make the constancy assumption 
suspect, further discounting may be appropriate: how much suspect, further discounting may be appropriate: how much 
to discount is challenging to discount is challenging -- might lend itself to regression might lend itself to regression 
adjustments !adjustments !

Concept of adjusting for the distribution of the effect Concept of adjusting for the distribution of the effect 
modifiers that are  different in the NI study when contrasted modifiers that are  different in the NI study when contrasted 
with the historical data because the mix of the patient with the historical data because the mix of the patient 
populations  differs in a meaningful waypopulations  differs in a meaningful way



Type 1 error control for the NI studyType 1 error control for the NI study

Synthesis and Fixed Margin are not Synthesis and Fixed Margin are not 
controlling the same errorcontrolling the same error



Type 1 errors are not directly Type 1 errors are not directly 
comparable or interpreted the samecomparable or interpreted the same

While this graph may suggest that the synthesis test is always 
statistically more efficient (i.e., requiring smaller sample size) 
than the fixed margin approach, it is difficult to compare the two 
methods in any meaningful sense because each method  uses 
different statistical  error rates , or Type 1 errors. This fact

 

needs 
to be considered  in  the interpretation of the conclusions of each 
method.  The fixed margin method is controlling  a type 1 error 
rate within the NI study that is conditional on the pre-specified 
fixed NI margin chosen.  The synthesis method is controlling an 
unconditional error rate for the null hypothesis it is testing 
(imagining that all the studies could be repeated infinitely often), 
but it does so assuming the constancy assumption is satisfied. 



Taken from example 1(a)Taken from example 1(a)
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Fixed Margin approach:

Conclude non-inferiority if the upper limit of the 95% CI for the log-hazard ratio 
of the experimental treatment to the active control is less than ½ of the lower 
limit of the 95% CI for the log-hazard ratio of placebo to the active control.
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Synthesis test



The Claimed Efficiency of the Fixed vs. The Claimed Efficiency of the Fixed vs. 
Synthesis MethodsSynthesis Methods

 It comes from the standard error It comes from the standard error 
expressionexpression
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Appendix Appendix --
 
ExamplesExamples

Five examples illustrate different aspect of Five examples illustrate different aspect of 
choosing a NI margin, or the application of choosing a NI margin, or the application of 
a method of NI analysis, and other a method of NI analysis, and other 
considerations relevant to whether it is considerations relevant to whether it is 
possible to conduct and interpret the possible to conduct and interpret the 
results of a NI studyresults of a NI study



The objective of the Examples The objective of the Examples 

All very different issues and approachesAll very different issues and approaches

One size does not fit allOne size does not fit all

Illustrate the application of the logic of the Illustrate the application of the logic of the 
guidance to real examplesguidance to real examples

Illustrate application of methods and Illustrate application of methods and 
interpretationinterpretation



EX. 1EX. 1
 Determination of an NI margin of a new Determination of an NI margin of a new 

anticoagulant anticoagulant --
 
Fixed Margin approachFixed Margin approach

How to select and assess the randomized trials of the active How to select and assess the randomized trials of the active 
control on which to base the estimate of active comparator control on which to base the estimate of active comparator 
treatment effecttreatment effect

How to assess whether the assumption of assay sensitivity is How to assess whether the assumption of assay sensitivity is 
appropriate, and whether the constancy assumption is appropriate, and whether the constancy assumption is 
reasonable for this drug classreasonable for this drug class

Why it is appropriate to use a conservative (e.g. 95% lower Why it is appropriate to use a conservative (e.g. 95% lower 
bound) for estimating the treatment effect size of the active bound) for estimating the treatment effect size of the active 
comparator, accounting for between study variability, and comparator, accounting for between study variability, and 
considering other uncertainties in the randomized trial dataconsidering other uncertainties in the randomized trial data

The use of the lower bound of the 95% confidence interval The use of the lower bound of the 95% confidence interval 
in the NI study for Cin the NI study for C--T to demonstrate nonT to demonstrate non--inferiorityinferiority



Ex 1(b): Application of the Ex 1(b): Application of the 
Synthesis Method to Ex 1(a)Synthesis Method to Ex 1(a)

Critical features of the synthesis approach to Critical features of the synthesis approach to 
demonstrating the NI of a new anticoagulantdemonstrating the NI of a new anticoagulant

The calculations and sources of statistical The calculations and sources of statistical 
variability that are incorporated in the synthesis variability that are incorporated in the synthesis 
approachapproach

The main differences in interpretation of the fixed The main differences in interpretation of the fixed 
margin and the synthesis approaches when margin and the synthesis approaches when 
applied to the same set of studies and dataapplied to the same set of studies and data

Fixed margin approach for MFixed margin approach for M1 1 , the synthesis , the synthesis 
approach for Mapproach for M2 2 



Ex. 2: Determination of a NonEx. 2: Determination of a Non--inferiority inferiority 
margin for complicated urinary tract margin for complicated urinary tract 

infection (infection (cUTIcUTI) ) --
 
Fixed Margin ApproachFixed Margin Approach

Use of the absolute difference in cure rates as the metric of Use of the absolute difference in cure rates as the metric of 
treatment effecttreatment effect

Determination of a NI margin when there are no randomized Determination of a NI margin when there are no randomized 
active comparator placeboactive comparator placebo--controlled studies available for the controlled studies available for the 
indication of interest (indication of interest (cUTIcUTI))

Estimating the placebo response rate in Estimating the placebo response rate in cUTIcUTI based upon data from based upon data from 
uncomplicated urinary tract infections (generally a less severe uncomplicated urinary tract infections (generally a less severe form form 
of urinary tract infection leading  to a high (conservative) estof urinary tract infection leading  to a high (conservative) estimateimate

Importance of seeking out all relevant studies for margin Importance of seeking out all relevant studies for margin 
determination and incorporating the limitations of the studies, determination and incorporating the limitations of the studies, the the 
analyses and the resulting estimates in the consideration of theanalyses and the resulting estimates in the consideration of the
estimate of the NI marginestimate of the NI margin

The approach is credible only when the effect size is largeThe approach is credible only when the effect size is large



Ex. 3: Aspirin to prevent death or Ex. 3: Aspirin to prevent death or 
death/MI after myocardial infarctiondeath/MI after myocardial infarction

When it may not be possible to determine the NI margin because When it may not be possible to determine the NI margin because 
of the limitations of the data availableof the limitations of the data available

The NI margin based on these six studies is so small that a triaThe NI margin based on these six studies is so small that a trial to l to 
rule out loss of this effect would be unrealistically large. Forrule out loss of this effect would be unrealistically large. For
mortality, the largest and most recent trial showed no significamortality, the largest and most recent trial showed no significant nt 
effect.effect.



Ex 4: Ex 4: XelodaXeloda
 
to treat metastatic colorectal to treat metastatic colorectal 

cancer cancer --
 
the synthesis methodthe synthesis method

The use of the synthesis method to demonstrate a The use of the synthesis method to demonstrate a 
loss of no more than 50% of the historical control loss of no more than 50% of the historical control 
treatmenttreatment’’s effect and a relaxation of this criterion s effect and a relaxation of this criterion 
when two NI are availablewhen two NI are available

The use of supportive endpoints in the decision The use of supportive endpoints in the decision 
making processmaking process

The use of a conservative estimate of the control The use of a conservative estimate of the control 
treatment effect size, because a subset of the treatment effect size, because a subset of the 
available studies to estimate the margin was available studies to estimate the margin was 
selected and the effect was measured relative to a selected and the effect was measured relative to a 
previous standard of care instead of placeboprevious standard of care instead of placebo



This is the time to send in This is the time to send in 
comments on the draftcomments on the draft
The docket is open for commentsThe docket is open for comments
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